In this work we generate the numerical solutions of the Burgers' equation by applying the Crank-Nicolson method directly to the Burgers' equation, i.e., we do not use Hopf-Cole transformation to reduce Burgers' equation into the linear heat equation. Absolute error of the present method is compared to the absolute error of the two existing methods for two test problems. The method is also analyzed for a third test problem, numerical solutions as well as exact solutions for different values of viscosity are calculated and we find that the numerical solutions are very close to exact solution.
Introduction
Burgers' equation is one of the most important nonlinear partial differential equations governed by the following equation 
This equation is nonlinear and can be considered as nonlinear analog of the Navier-Stokes equations. It has a convection term, a diffusion term and a time-dependent term. It also has a large variety of applications in modeling of water in unsaturated oil, dynamics of soil in water, statics of flow problems, mixing and turbulent diffusion, cosmology and seismology [1] [2] [3] .
With viscous term the Burgers' Equation (1) is parabolic while without viscous term it is hyperbolic. In the later case it possesses discontinuous solutions due to the nonlinear term and even if smooth initial condition is considered the solution may be discontinuous after finite time. It also governs the phenomenon of shock waves [4] .
In the present work we consider the Burgers' Equation 
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where > 0 d  is a coefficient of viscous diffusion and f , 1 g and 2 g are the sufficiently smooth given functions.
Several researchers have successfully used Burgers' equation to develop new algorithms and to test various existing algorithms. In most of the cases researchers used Hopf-Cole [5, 6] transformation to linearize the Burgers' equations into parabolic partial differential equation. Some of the researchers also tried to tackle the nonlinear Burgers' equation directly (without Hopf-Cole). Kadalbajoo et al. [7] applied Crank-Nicolson finite difference method to the linearized Burgers' equation by Hopf-Cole transformation which is unconditionally stable and is second order convergent in both space and time with no restriction on mesh size. Gorguis [8] applied the Adomian decomposition method on the Burgers' equation directly and compared the numerical result with the analytical result. In another result due to Kutluay et al. [9] a direct approach via least square quadratic B-spline finite element method is discussed. Recently Pandey et al. [10] discussed Douglas finite difference scheme on linearized Burgers' equation which is fourth order convergent in space and second order convergent in time.
In this paper we first apply Crank-Nicolson finite difference scheme directly on the nonlinear Equation (1) and derive a nonlinear finite difference scheme, and then use it to derive a system of linear equations which we solve by using Mathematica (version 7.0). For two test problems we compare the absolute error of the numerical solutions to the absolute error of the numerical results established by Kadalbajoo et al. [7] and Pandey et al. [10] . For the third test problem we compare our numerical results with the analytical solution. The exact solution for the third problem is calculated on Mathematica (version 7.0).
In this paper we show that it is more appropriate to consider the Burgers' equation directly than reducing it into linear parabolic problem and then discretize it. Therefore this paper is an improvement over the results in [7] and [10] . This paper is divided in 4 sections. In Section 2 we give expression for exact solution by Hopf-Cole transformation which is used to calculate the exact solutions. In the same section we collocate and discretize to get a nonlinear finite difference equation and then through a simple approximation we deduce linear finite difference equation. In Section 3 we give three examples and in Section 4 we demonstrate properties of the computed numerical solutions in the form of Tables 1-11 and Figures 1-4. 
Description of the Method

Exact Solution
Hopf and Cole [5, 6] suggested that (1) can be reduced to linear heat equation by the non-linear transformation. Let
and = .
x w 
Putting in (1) we get
Next applying the transformation (5) we get
The fourier series solution to the linearized heat equation is
with fourier coefficients at as
where 
Discretization
First of all we divide the solution space into a uniform mesh. For this we divide the interval   
where
The Crank-Nicolson method [11, 12] gives the following system of nonlinear equations,
where x  and x  are central difference operator and averaging operator respectively. To linearize we put 
Numerical Results and Discussions
Problem 1
Consider Equation (1) 
in Equation (1) and get = , 0< <1, > 2
and boundary condition
The exact solution of the Burgers' Equation (1) is (12) with given Fourier coefficients:
Problem 2
As a second example consider (1) with the boundary conditions (16) and initial condition
The exact solution (12) can be obtained in the similar fashion as in Problem 3.1 with the Fourier coefficients as follows :
Problem 3
The exact solution can be calculated by using the formula (12) where
Conclusions
We present Crank-Nicolson finite difference scheme for Burgers' equation without Hopf-Cole transformation. We claim that it is better to solve the nonlinear Burgers' equation directly, i.e., without reducing it to linear heat equation by Hopf-Cole transformation. Our claim is very well supported by the Tables 1-10 and Graphs 1-3. From Table 11 and Graph 4 it is also proved that numerical results are in good agreement with the analytical solution.
The exact solution for the Problem 3.3 is calculated by using Mathematica 7.0. Figure 4 also depicts the physical behavior of the solutions and thus behavior of any physical system governed by Burgers' equation can be studied by this method.
Tables
Computed results are displayed in Tables 1 to 11 at different nodal points for different values of viscosity. In Tables 1 to 6 we compare the absolute error with the absolute error of [7, 10] for the Problem 3.1. From Table  7 to Table 10 absolute error is compared to the absolute error of [7, 10] for the Problem 3.2. In Table 11 for Problem 3.3 we compare the numerical solution to the exact solution and it is observed that computed result shows greater agreement with the exact solution as the mesh size is refined.
Figures
In Figures 1 and 2 we compare the absolute error with the absolute error of [7] for Problem 3.1 and in Figure 3 we compare the absolute error with the absolute error of [7] for Problem 3.2. Finally in Figure 4 we compare the exact solution with the numerical solution for Problem 3.3.
